Abstract Mitochondria combine hydrogen and oxygen to produce heat and adenosine triphosphate (ATP). As a toxic by-product of oxidative phosphorylation (OXPHOS), mitochondria generate reactive oxygen species (ROS). These free radicals may cause damage to mitochondrial DNA (mtDNA) and other molecules in the cell. Nitric oxide (NO) plays an important role in the biology of human cancers, including
breast cancer; however, it is still unclear how NO might affect the mitochondrial genome. The aim of the current study is to determine the role of mtDNA in the breast oncogenic process. Using DNA sequencing, we studied one breast cancer cell line as a model system to investigate the effects of oxidative stress. The BT-20 cell line was fully adapted to increasing concentrations of the NO donor DETA-NONOate and is referred to as BT-20-HNO, a high NO (HNO) cell line. The HNO cell line is biologically different from the "parent" cell line from which it originated. Moreover, we investigated 71 breast cancer biopsies and the corresponding noncancerous breast tissues. The free radical NO was able to generate somatic mtDNA mutations in the BT-20-HNO cell line that were missing in the BT-20 parent cell line. We identified two somatic mutations, A4767G and G13481A, which changed the amino acid residues. Another two point mutations were identified in the mtDNA initiation replication site at nucleotide 57 and at the 'hot spot' cytidine-rich D300-310 segment. Furthermore, the NO regulated the mtDNA copy number and selected different mtDNA populations by clonal expansion. Interestingly, we identified eight somatic mutations in the coding regions of mtDNAs of eight breast cancer patients (8/71, 11.2 %). All of these somatic mutations changed amino acid residues in the highly conserved regions of mtDNAwhich potentially leads to mitochondrial dysfunctions. The other two somatic mtDNA mutations in the displacement loop (D-loop) region [303:315 C(7-8)TC (6) and nucleotide 57] were distributed among 14 patients (14/71, 19.7 %). Importantly, of these 14 patients, six had mutations in the p53 gene. These results validate the BT-20 parent/HNO cell line model system as a means to study ROS damage in mtDNA, as it parallels the results found in a subset of the patient population.
Introduction
Mitochondria are major sources of reactive oxygen species (ROS) production. ROS have been associated with diverse cellular processes such as apoptosis, metastasis, and signal transduction for cell proliferation [1, 2] . These processes demonstrate that mitochondria are essential for maintaining the health of an organism [3] . Studying the role of ROS in cellular functions will lead to a better understanding of the cellular oxidative/reductive (redox) signaling; these signaling processes have been linked to a number of mitochondria metabolism defects, including (1) age-related disorders [4] , (2) degenerative diseases [5] , and (3) various forms of cancer [6] [7] [8] .
Nitric oxide (NO), a free radical, has been associated in many different physiological and pathophysiological processes of human diseases. NO is a natural product that is overproduced by a variety of human tumors, including breast tumors [9] [10] [11] [12] . Upregulation of NO production may affect the redox state of cells [13] , and a wide spectrum of NO expression has been noted in various patient populations. It is well established that high NO (HNO) expression correlates with a diminished outcome, whereas low expression correlates to better treatment response and patient outcomes [14] . Because NO is a natural product and because of the patient correlations previously reported, we used NO to adapt the BT-20 cell line to comparatively high levels of NO. The biological function of NO is highly concentration-dependent [15] . At low levels, NO acts as an antitumoral inflammatory response; however, at high levels, NO has been shown to cause mutational events which may lead to cancer [16, 17] .
DNA damage by redox activity has been shown to be a significant contributor to the progression of cancer [18, 19] . Some studies have reported that somatic mutation in mitochondrial DNA (mtDNA) contributes to initiation and progression of various human cancers. These studies show the importance of studying mtDNA in tumorigenesis. It has been shown that two or more mtDNA populations, wild type and mutant, coexist in early tumor cell development, and thereafter, mutant populations are clonally selected enough to result in the anomalous genome to lead to cellular transformation [20] .
The mtDNA encodes 13 polypeptides, seven (ND1, 2, 3, 4L, 4, 5, and 6) of the 45 polypeptides of Complex I, one (cytochrome b, cytb) of the 11 polypeptides of Complex III, three (COI, II, an III) of the 13 polypeptides of Complex IV, and two (ATP6 and ATP8) of the approximately 17 polypeptides of Complex V. mtDNA also encodes 12S and 16S rRNA, as well as 22 transfer RNAs [21] . All 13 mtDNA genes that encode proteins are central to the mitochondrial energy production process, oxidative phosphorylation (OXPHOS), since these 13 proteins function as the central electron and proton wires for energy production by complexes I, III, IV, and V [21] . The mtDNA has a small region, 1.1 kb in size, called the displacement loop (D-loop) that controls both mitochondrial replication and transcription. The D-loop region has been described as the main cellular gauge of OXPHOS damage, as a result of the toxic by-products of ROS produced during OXPHOS [22] . In this context, oxidative damage induced by hypoxia and ROS generation might lead to genetic alterations in mtDNA and nuclear DNA (nDNA). This suggests that such injury could endanger mitochondrial biogenesis and lead to the accumulation of mutations in mitochondrial genome, cellular senescence, resistance to apoptosis, and tumor formation [23] .
In addition, the mitochondrial genome harbors some characteristics in which it has been suggested that mtDNA is involved in tumorigenesis processes: (1) mtDNA has a higher mutational rate than nDNA. This is due to the oxidative environment of the mitochondrion. The ROS produce free radicals which act as powerful mtDNA mutagenic agents. In addition, mtDNA lacks histones (which nDNA have) that help prevent mutations [24] . (2) There are many mtDNA copies (typically, 100-1,000) per cell. Moreover, the replication of mtDNA is an independent event of S phase of the cell cycle [25] . (3) There exists an mtDNA repair mechanism, which is less rigorous than for nDNA, thereby leading to increased chances of mutational events [26] .
To better understand the role of the mitochondrial genome in breast cancer progression, our group produced a series of breast tumor cell lines that were adapted to HNO concentrations via the donor DETA-NONOate [27] . We analyzed one of these cell lines, BT-20, for somatic mutations in the mitochondrial genome of seven subunits of Complex I (ND1, ND2, ND3, ND4, ND4L, ND5, and ND6) and a control region (Dloop) in both parent and HNO cell lines, and we studied the same mtDNA regions in 71 breast cancer specimens along with the corresponding noncancerous breast tissues. Herein, we report a correlation of the breast tumor cell line BT-20-HNO with the patient data. BT-20-HNO cells represent an equivalent subset of the breast cancer patient population that also had these same mtDNA changes.
Material and methods

Cell culture
One breast tumor cell line was used in this study: BT-20 [28] . The BT-20 cell line was purchased from American Type Culture Collection (VA, USA). BT-20 was grown in minimal essential media (MEM). The media was supplemented with 10 % fetal calf serum inactivated at 56°C for 30 min, 100 U/ mL penicillin, 100 μg/mL streptomycin, 2 mM L-glutamine, and 2.5 μg/mL Amphotericin B solution. Furthermore, it was additionally supplemented with 100 mM MEM nonessential amino acids and 1 mM sodium pyruvate (Cellgro, Inc., VA, USA). The human breast tumor cell line was grown in a humidified incubator at 37°C and 5 % CO 2 . The corresponding HNO cell line was grown in the same specific conditions of the 'parent' cell lines from which it originated except that 600 μM of NO donor was added to the media [27] . The media and all supplements were purchased from Invitrogen (CA, USA), excepted where noted above.
Human breast cancer tissues and DNA isolation Breast cancers and the adjacent noncancerous mammary tissues were obtained and histologically confirmed from 71 patients with their consent at Institute Fernandes Figueira Hospital, Fiocruz, Brazil. Furthermore, 30 random individuals without a history of breast cancer were used as a control population. All tissues were kept in liquid nitrogen immediately after surgical resection, according to a protocol approved by the medical ethics committee for conducting human research at the hospital. Total DNA of the breast tumor cell line BT-20, human tissues, and peripheral blood were extracted by phenol/chloroform/isoamyl alcohol (pH 8) according to previously published methods [29] . The final DNA was dissolved in sterile water and frozen at −20°C until it was used. Somatic mutation analysis of NADH dehydrogenase and D-loop mitochondrial genome NADH dehydrogenase and D-loop mtDNA were sequenced for the BT-20 breast tumor cell line and patient breast cancer DNA samples to screen for somatic mtDNA mutations. Thirteen overlapping DNA fragments ranging in size from 364 bp to 805 bp were generated by polymerase chain reaction (PCR) amplification spanning the NADH dehydrogenase and D-loop mitochondrial genome (Table 1) . PCR was performed for 30 cycles in a 25-μL reaction mixture containing 10-100 ng DNA, 200 μM of each dNTP, 0.1 μM of each primer, 1.5 mM MgCl2, 1 U of Taq DNA Polymerase recombination (Invitrogen, Inc.), and 2.5 μL of 1× PCR Rxn buffer (Invitrogen, Inc.). PCR cycles consisted of 45-s denaturation at 94°C, 45-s annealing at 58°C, and 1-min primer extension at 72°C. PCR was performed in an ABI GeneAmp PCR System 9700 DNA thermal cycler (Applied Biosystems, Foster City, CA, USA). The PCR products were purified by enzymatic assay with ExoSAP kit (GE Healthcare) and sequenced with an ABI BigDye Terminator (version 3.1) cycle sequencing ready reaction kit and an ABI PRISM 3130 sequencer (Applied Biosystems, Foster City, CA, USA), according to the manufacturer's recommendation. Both forward and reverse DNA strands were used for DNA sequencing, and resequencing was used to confirm the mutations within each DNA fragment. DNA fragments from the parent and HNO cell lines, as well as noncancerous breast tissues and breast cancer specimens of the same patient, were analyzed. mtDNA sequences of the parent and HNO cell line were compared; any DNA sequence difference between the two cell lines was scored as a somatic mtDNA mutation. The same analysis was performed on both normal and tumor samples from patients. Both DNA fragments from the breast tumor cell lines were compared with the revised Cambridge Sequencing mtDNA reference [30] ; any DNA sequence difference between the parent and HNO cell lines was scored as a polymorphism.
Cloning NADH dehydrogenase gene and β-actin gene To construct the standard curves of quantified mtDNA copy number in the breast tumor cell lines and breast cancer population samples, we cloned one region of NADH dehydrogenase subunit 1 (ND1) gene and one region of β-actin (ACTB) gene. These genes were cloned with a pGEM®-T Easy Vector System (Promega, WI, USA) according to the manufacturer's recommendation.
Analysis of mtDNA content by quantitative real-time PCR
Determination of the mtDNA copy number of the BT-20 human breast tumor cell lines was carried out according to a previously reported method by Mambo et al. [31] . The 7500 real-time PCR system (Applied Biosystems, Foster City, CA, USA) was used to amplify ND1 gene and ACTB gene. Table 1 lists the core of primers used to amplify the respective DNA regions. qPCR was performed for 40 cycles in a 15 μL reaction mixture containing 1-5 ng DNA template, 7.5 μL SYBR Green PCR Master Mix (Applied Biosystems, Foster City, CA, USA), and 25 pmol of each primer. qPCR cycles consisted of 10-min initial denaturation at 95°C, 15-s denaturation at 95°C, and 1-min annealing/extension at 60°C. For each PCR run, separate standard curves were generated from approximately ten serially diluted plasmids (pGEM®-T Easy Vector Systems; Promega, WI, USA) containing PCR products for either mtDNA ND1 or β-actin gene fragment. The copy number of mtDNA ND1 region in each sample was then normalized against the β-actin gene to calculate the absolute mtDNA copy number. Each measurement was repeated in three independent experiments running in triplicate, and a nontemplate control was included in each experiment.
Immunohistochemistry
Immunohistochemistry using the anti-eNOS antibody (Abcam, Cambridge, MA, USA, catalog # ab66127) was performed on a subset of the patients defined above, via a previously reported method.
Data analysis and statistics
Statistical analysis was performed using SigmaPlot version 11.0 (System Software, Inc., Chicago, IL, USA). The t test (paired test) was used to compare the difference in mtDNA copy number between human breast tumor parent and HNO cell line, and between breast tumors and their corresponding nontumorous tissues.
Results
Somatic mtDNA mutations in parent/HNO breast tumor cell lines
In previous work, a human breast tumor cell line, BT-20, was adapted to increasing concentrations of the NO donor DETANONOate, up to 600 μM, over approximately 100 days.
Vesper et al. showed that although all the parent and HNO cells had the same morphologic appearance, HNO-adapted cells grew faster than their corresponding parent cells and were resistant to both nitrogen-and oxygen-based free radicals [27] . To confirm if the adaptation process might affect the mitochondrial genome, we herein carried out direct DNA sequence of the seven subunits of NADH dehydrogenase gene (ND1, ND2, ND3, ND4, ND4L, ND5, and ND6) and D-loop regions of mtDNA. Interestingly, four somatic mtDNA mutations not found in the parent cell line were found to be present in the BT-20-HNO cell line. Two of these somatic mutations, A4767A/G and G13481G/A, were found in the NADH dehydrogenase gene (Fig. 1) . These mtDNA mutations might be potentially harmful mutations, but they are not lethal. The change of an amino acid occurred at a highly conserved position, and the substitution G13481G/A changes amino acids that were nonpolar to polar (negatively charged). The A4767G mutation in the NADH dehydrogenase subunit 2 (ND2) gene causes a substitution of the amino acid residue from methionine to valine, and the G13481A mutation in the NADH dehydrogenase subunit 5 (ND5) gene causes a . P values were calculated using twotailed paired t tests (*p<0.042) substitution of amino acid residue from glycine to glutamic acid (data not shown). The other two mtDNA points mutations were identified in the mtDNA initiation replication site at nucleotide 57 (58 insertion C; Fig. 2 ) [32] and at the "hot spot" cytidine-rich D300-310 segment 303:315 C(7-8)TC(6) (Fig. 2) [33] .
mtDNA content Quantitative real-time PCR was used to measure mtDNA in both the parent and the HNO cells. We selected one mitochondrial gene, ND1, and one nuclear gene, β-actin. Standard curves for the mtDNA ND1 and β-actin genes were constructed using clones of DNA from both genes in a concentration range between 1 ng and 100 pg (Fig. 3a) . There was a 2.8-fold decrease in the mtDNA copy number in the BT-20-HNO cell line, relative to the BT-20 parent cell line (Fig. 3b) .
Selection of mitochondrial genome/clone expansion
The concepts of homoplasmy and heteroplasmy are important in mitochondrial genome study. Homoplasmy refers to mtDNA in which all copies are the same, whereas heteroplasmy refers to a mixture of two or more mtDNAs. It is important to consider that during a disease process, there may be heteroplasmy between wild type and mutant genome. All mtDNA mutations identified for the BT-20-HNO cell line, as well as those identified in the tumor samples of patients, were found to be heteroplasmic (Figs. 1 and 2, and Table 2 ). As shown in Fig. 4 , the heteroplasmy C10292T is present in both BT-20 parent and BT-20-HNO cells and represents a silent polymorphism in NADH dehydrogenase gene, subunit 3. Intriguingly, the mitochondrial genome could suffer mtDNA selection after the adaptation process with high concentrations of NO. This mtDNA selection mimics a clone expansion, when two different populations of mtDNA, wild type and mutated, were selected after the treatment with high concentrations of NO.
Somatic mutations in mitochondrial genome of human breast cancers
We characterized 27 different somatic mtDNA mutations to NADH dehydrogenase and control region (D-loop) in 71 human breast cancer samples. Our results showed a high frequency of somatic mtDNA mutations in NADH dehydrogenase and a low frequency of somatic mtDNA mutations in D-loop when compared to data reported in studies of breast cancer [33] [34] [35] . Intriguingly, somatic mtDNA mutations were present in both breast cancers and adjacent noncancerous mammary tissues. Sequencing showed 14 somatic mutations in the coding region of mtDNAs in 11 breast cancer samples, and 13 other somatic mutations were present in the control region of mtDNAs in 19 breast cancer samples (Table 2) . Among the 14 somatic mutations in the NADH dehydrogenase gene, 13 were heteroplasmic (G4812A, G4830A, T5169C, G10197A, T10265C, G10353A, T10389C, G10427A, G10500A, A10506G, G10522A, C13809T, and G14410A) and one point mutation (G13135A) was homoplasmic. Among the 11 breast cancer specimens with somatic mutations in the coding regions, three cases (27.3 %) were found to harbor somatic mutations in the D-loop of mtDNA.
Among the eight somatic mutations exclusively found in the breast cancer specimens, seven (87.5 %) mutations (G4830A, T5169C, G10197A, G10500A, A10506G, G10522A, and G13135A) were proposed to be potentially harmful mutations (data not shown). The first two resulted in the substitution of an amino acid that occurred at the highly conserved amino acid residues position. Also, all substitutions resulted in changes in amino acid characteristic of nonpolar to polar or vice-versa (data not shown). The G4830A mutation in the NADH dehydrogenase subunit 2 (ND2) gene causes a substitution of amino acid residue from glycine to serine. The T5169C mutation in the NADH dehydrogenase subunit 2 (ND2) gene causes a substitution of amino acid residue from tryptophan to arginine. The G10197A mutation in the ND3 gene results in an amino acid substitution from alanine to threonine. Furthermore, the G10500A mutation in the ND4L gene results in an amino acid substitution from alanine to threonine, while the A10506G mutation results in the ND4L gene in an amino acid substitution from threonine to alanine. The G10522A mutation in the ND4L gene results in an Fig. 4 Mitochondrial genome clone selected. Using direct sequencing methods, the C10292T polymorphism was detected in both the BT-20 parent and BT-20-HNO cell lines. This polymorphism is a silent nucleotide alteration in NADH dehydrogenase subunit 3 (ND3). After the long-term adaptation to increasing concentrations of HNO, the wild type mtDNA was selected for BT-20-HNO cells amino acid substitution from glycine to glutamic acid. Finally, the homoplasmic mutation G13135A occurred in the NADH dehydrogenase subunit 5 (ND5) gene, which changes the amino acid from alanine to threonine. In addition, one mutation (G10427A) occurred at the noncoding nucleotides at tRNA Arg ; this somatic mutation, G10427A, is likely to alter the structure of the TψC loop in the clover leaf secondary structure of tRNA Arg . The most substituted amino acid mutations, which are likely harmful missense mutations, occurred at the highly conserved amino acid residues and altered the nature of the amino acid.
Somatic mutations in the D-loop link breast tumor cell line data with patient data Concomitant presences of mutations in the D-loop region of mtDNA and p53 have been previously described in breast cancer patients. These mutations were significantly predominant in breast cancer tumors with poor prognosis, such as advanced stage/grade tumors and ER/ PR-negative tumors [36] . Our data with the BT-20 breast tumor cell line and a group of breast cancer patients suggests that when BT-20 cells are pressured to fully adapt to increasing concentrations of the NO donor DETA-NONOate, two mtDNA point mutations were generated (one in the mtDNA initiation replication site at nucleotide 57 and one at the "hot spot" cytidine-rich D300-310 segment 303:315 C(7-8)TC (6)). Interestingly, the same somatic mtDNA mutations were the most frequent mutations in cancer patients (14/71, 19.71 %). In addition, six of 14 samples were p53 mutation-positive and~70 % had poor prognosis (Fig. 5 and Table 3 ). Also, the breast tumor cell line and~85 % of the patients had decreased mtDNA content.
Immunohistochemistry
Six of the 14 patients studied herein had somatic mutations that were identical to those seen in the BT-20-HNO cell line. Tissue samples of these patients were immunostained for receptor, PR − negative progesterone receptor, p53+ p53-mutated gene. The scatter plots show mtDNA copy number in six breast cancer samples. Each breast tumor sample represents cancer specimens and corresponding noncancerous breast tissues from the same patient sample. P values were calculated using two-tailed paired t tests (p<0.038) eNOS expression and found to have much stronger staining than the control tissue. Figure 6 shows an example of the intense staining observed. This result implies these patients had HNO-producing tumors.
Discussion
There are controversial technical aspects regarding the importance of mitochondria in cancer that have warranted skepticism [37] , while other studies have displayed the importance of mitochondria in cancer biology [38, 39] . In this study, we have demonstrated that the mitochondrial genome plays an important role in tumor transformation and progression. In light of our data, these results support the correlation between our cell line model system and breast cancer patients.
Herein, we identified somatic mtDNA mutations that were present in the NADH dehydrogenase gene and in a control region of the mitochondrial genome in a human breast tumor cell line adapted to increasing concentrations of HNO and breast cancer specimens from patients (Figs. 1 and 2, and Table 2 ). BT-20-HNO cells and eight patients (8/ 71, 11.2 %) were found to harbor somatic mtDNA mutations which change amino acids at highly conserved amino acid positions. These mutations may result in mitochondrial dysfunction of cancer cells, as previously suggested by Otto Warburg [40] , which may lead, in turn, to a more aggressiveness phenotype. Studies of breast cancer patients have shown that germ line-inherited mutations in the NADH dehydrogenase (respiratory complex I) subunit 5 (ND5), CYTb, and COX I genes supports the inherent dysfunction of mitochondrial respiration in patients with cancers which facilitates tumor growth. This supports the idea that ROS production may play an important role in oncogenesis through somatic mutations and changes to aerobic glycolysis [8] .
According to Ralph et al., tumor cells that harbor mitochondrial dysfunction and increased ROS production might be sensitive to ROS-induced apoptosis. This evidence was not observed for normal cell lines [22] . In the current study, as well as in earlier [27] and accompanying manuscripts [41, 42] studying the BT-20-HNO cell line model system, multiple aberrations were identified in the cellular function of the BT-20-HNO cell line compared to the parent BT-20 cell line (greater proliferation, different gene expression profiles, p53 mutations, more prone to use of the glycolytic pathway, and resistance to the apoptosis-inducing drug salinomycin). Collectively, these results suggest that ROS may induce mtDNA somatic mutations in the BT-20-HNO cell line.
The D-loop region is associated with a control site for mtDNA transcription and replication. According to Yu et al., mutations in this region might cause a decrease in the copy number in breast cancer patients [43] . We observed somatic mutations in the D-loop region in the BT-20-HNO cell line and in a group of breast cancer patients (14/71, 19.71 %). In fact, D-loop mutations were identified in the mtDNA initiation replication site at nucleotide 57 and the "hot spot" cytidine-rich D300-310 segment 303:315 C(7-8)TC(6) ( Fig. 2 and Table 2 ). These mutations could be associated with observed decreased in mtDNA content seen in the BT-20 HNO cell line (2.8-fold), as well as in six of 14 patients samples, p<0.038 (Figs. 3b and 5 ). According to Ralph et al., the sites of both of these mutations may be important in regulating the mtDNA copy number. However, the exact effects of these mutations on the mtDNA copy number in tumors are still unclear and can result in either up-or downregulation of copy number. [22] . Loss of mtDNA copy number control is associated with aging [44] and breast cancer [7] and is likely to be linked to either nDNA or mtDNA mutations. This suggests our model cell line system might be important to understanding the role of the mitochondrial genome in the tumorigenesis process. Tissue samples tested from the six cancer patients possessing the same mutations as were found in the BT-20-HNO cell line were all found to exhibit high eNOS expression. Furthermore, each of the six patients exhibited a p53 mutation [42] , and four had poor outcome ( Fig. 5 and Table 3 ). Heyne et al. and Achanta et al. suggested that somatic mtDNA mutations and a subsequent decrease in mtDNA copy number may also originate from dysfunction of the p53 gene. It was recently reported that p53 plays an important role in maintaining mitochondrial genetic stability via the interaction with mtDNA polymerase g [45, 46] . As suggested by Zhou et al., neoplastic cells under selection pressure in head and neck cancers could acquire mutations in both mtDNA and the p53 gene in the tumor microenvironment, resulting in an increased survival advantage and increased proliferation [47] .
The results in this study suggest that the BT-20-HNO cell line can serve as a novel tool to study, as it reflects what is seen in some primary breast tumors. Furthermore, BT-20-HNO might be associated with a group of patients that harbor the same characteristics as seen in patients with Dloop and p53 concomitant mutation patients. It is important to note that there are likely many more mutations occurring in both patients progression of cancer and during cell line adaptation. These mutations may be lethal and, therefore, not seen in either case. Nevertheless, the naturally HNO-producing patient tumors studied here and the use of NO in the cell culture model resulted in the same mutations. This finding supports the idea that NO is a driving force in breast cancer.
As a result of adaptation to NO by BT-20, a more aggressive phenotype, similar to what is seen in patients, is observed. The similarities between a subpopulation of breast cancer patients studied here and the BT-20-HNO cell line suggests that for a certain subset of the patient population, NO may, in fact, be the driving force leading cells to become more aggressive. These results reinforce the idea that the BT-20-HNO cell line is a good model system to study mitochondrial genome in cancer. In conclusion, the positive association between the BT-HNO cell line and the patient data reported herein supports the idea that NO is involved in breast cancer progression. Therefore, BT-20-HNO may be a potential tool to study the role of NO in the mitochondrial genome changes in breast cancer. 
